Objective: Failure to rescue (FTR) is defined as the inability to rescue a patient from major perioperative complications, resulting in operative mortality. FTR is a known contributor to operative mortality after open abdominal aortic surgery. Understanding the causes of FTR is essential to designing interventions to improve perioperative outcomes. The objective of this study was to determine the relative contributions of hospital volume and safety-net burden (the proportion of uninsured and Medicaid-insured patients) to FTR.
The phenomenon of failure to rescue (FTR) is defined as the inability to rescue a patient from major perioperative complications, resulting in operative mortality. 1 FTR is a measure of how proficient a hospital is at recognizing and treating serious complications and is more strongly associated with hospital characteristics than patient variables. In recent years, FTR has been identified as a major contributor to the variability in operative mortality rates between hospitals, especially for high-risk operations. 2 Although complication rates vary between hospitals, the variance in FTR rates is dramatic between low-and high-mortality hospitals. Ghaferi et al 2 found a threefold difference in FTR rates between low-and high-mortality hospitals for coronary artery bypass grafting. The differences were even more disparate for pancreatectomy, for which there was a 13-fold difference in FTR rates between low-and high-mortality hospitals. 2 The variability in FTR rates between hospitals presents an opportunity for improvement in patient safety and operative mortality rates. Indeed, FTR has been used by the Agency for Healthcare Research and Quality (AHRQ) as a quality indicator. 3 Interventions to improve FTR rates are predicated on a thorough understanding of the variables that contribute to this phenomenon. Prior studies have examined whether the variance in FTR rates between hospitals is related to differences in the population of patients, hospital volume of high-risk operations, resources, or hospital characteristics. [4] [5] [6] [7] [8] Two hospital-level variables have emerged as significant contributors to FTR: hospital volume and safety-net burden. Lower hospital volume of certain high-risk operations has been linked to higher rates of FTR for multiple operations. 5, 6, 9 Increasing safety-net burden, defined as the proportion of uninsured or Medicaidinsured patients, has also been associated with higher FTR rates. 8 Open abdominal aortic surgery is associated with relatively high rates of complications, FTR, and mortality. To date, however, the concurrent effect of hospital volume and safety-net burden on FTR after aortic surgery is not well understood. Previous research has described the association between FTR and safetynet burden after controlling for hospital volume and some patient variables in a variety of procedures. 10 However, aortic surgery was not studied, patient comorbidities were not included in the risk adjustment, and analyses were limited to large academic hospitals. In this study, we examined the relative contributions of hospital volume and safety-net burden to FTR while controlling for patient-and hospital-specific variables. We hypothesized that after adjustment for patient and hospital characteristics, including hospital volume, safety-net burden is independently associated with FTR in adult patients undergoing elective open abdominal aortic surgery in the United States.
METHODS
The study population consisted of patients who were 18 years of age and older and underwent elective open abdominal aortic surgery in the United States between 2001 and 2011. Because of the deidentified and publicly available nature of the data used for the analysis, the study was considered exempt from review by the Institutional Review Board at the University of Texas Southwestern Medical Center at Dallas.
Data source
Data were extracted from the Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project of the AHRQ. The NIS is a stratified sample of 20% of all hospital discharges in the United States and includes the largest collection of publicly available and deidentified hospital care data in the country. The NIS provides data from approximately 8 million hospital discharges per year, representing about 40 million hospitalizations in acute care hospitals in the United States. The NIS is distributed annually as two different sets of data: a large data set including patient demographics, discharge status, length of stay, and diagnosis and procedure codes; and a smaller data set containing hospital characteristics. Both data sets may be linked using a unique hospital identification code. Patient clinical information can be derived from two groups of up to 25 variables each, containing data on diagnosis and in-hospital procedures, respectively. These variables are collected as International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes. A summary of the NIS characteristics and links to complete documentation can be found at http:// www.hcup-us.ahrq.gov/nisoverview.jsp.
Selection of patients
Appropriate ICD-9-CM codes were used to identify hospital discharges for elective open abdominal aortic surgery: excision of abdominal aortic aneurysm with replacement (38.44), resection of abdominal aorta with anastomosis (38.34), or aorta-iliac or aorta-femoral bypass (39.25). Exclusion criteria included a diagnosis of thoracic or thoracoabdominal aneurysm, ruptured aortic aneurysm, and procedure codes for thoracic aortic or endovascular aortic repair. Patients with concurrent open cardiac procedure, nonelective admissions, or admissions for trauma were also excluded from the analysis.
Outcome measures
The primary outcome variable of the analysis was FTR, defined as in-hospital death following postoperative complications. FTR rate was calculated as the number of patients who had a major complication and died during hospitalization (numerator) divided by the total number of patients experiencing any of the major complications described later (denominator). In-hospital mortality was determined directly from a variable present in the database. As described previously, the following major postoperative complications were defined using specific ICD-9-CM codes: pulmonary failure, pneumonia, myocardial infarction, deep venous thrombosis/pulmonary embolism, acute renal failure, hemorrhage, surgical site infection, and gastrointestinal bleeding (Table I) . 6, 11 Given that administrative data are not very accurate for coding of complications, we decided to restrict the list of complications to this subset, which has been previously validated, and previous studies have shown good agreement between ICD-9-CM coding and chart review. of the Charlson Comorbidity Index was used as a summary measure of a patient's comorbidity burden. 14 The Charlson Comorbidity Index consists of 17 comorbidities that are weighted (1 to 6 points according to risk of mortality and severity of disease) and then summed to obtain the total score. Other comorbidities (hypertension, coagulation disorders, and obesity) that are not accounted for in the Charlson Comorbidity Index were also included in the analysis.
Hospital characteristics. Hospital safety-net burden was calculated as the number of patients admitted to a hospital in a year who were uninsured or insured by Medicaid divided by the total number of hospital admissions for the respective year. 1 All hospital admissions, not only aortic surgery cases, were used to calculate hospital safety-net burden rate. Hospitals were further categorized into quartiles of safety-net rate (Table II) .
Hospital volume was defined as the annual number of open aortic procedures performed by each hospital represented in the database. Hospitals were categorized according to quartiles of procedure volume. Because the number of open abdominal aortic repairs has decreased significantly over time, volume quartiles were calculated separately for each year (Table II) .
Based on previous literature, 15, 16 four hospital clinical resources were investigated as potential predictors of FTR: advanced cardiology (performance of electrophysiology or interventional cardiology procedures), sophisticated internal medicine services (performance of bone marrow transplantation), high hospital technology (performance of solid organ transplantation and cardiac surgery), and advanced endoscopy (endoscopic retrograde cholangiopancreatography and ablation of Barrett esophagus). Although not directly relevant to open aortic surgery, these resources have been cited as measures of a hospital's resources available for patient care. The presence of clinical resources was determined from the NIS by identification of ICD-9-CM procedure codes among all the discharges from each hospital included in the database. Finally, other hospital characteristics, such as teaching status of the hospital, bed size (small, medium, and large, as defined by Healthcare Cost and Utilization Project of the AHRQ), location of the hospital (urban vs rural), and geographic region (Northeast, Midwest, South, and West) were incorporated in the analyses using variables available in the NIS.
Statistical analysis
Univariate logistic regression analyses were performed to describe the baseline characteristics of the study cohort during the 11-year period. Discrete variables are presented as frequencies and group percentages and compared using c 2 tests. Cochran-Armitage trend tests were used to assess trends in the rates of complications, in-hospital mortality, and FTR over time and to assess trends in rates of events across quartiles of hospital volume or safety-net rate. Hierarchical mixed multivariate regression models were used to assess independent predictors of FTR, taking into account the clustered gender, race/ethnicity, median income for a patient's ZIP code, primary expected payer, Charlson Comorbidity Index, hypertension, coagulation disorders, and obesity.
In addition, year of hospitalization was included as a categorical variable to control for the effect of time on the variability of rates of complications and FTR. Finally, an interaction term for safety-net burden and hospital volume was also included as a fixed effect. The hospital identification number was entered in the second level of the model as a random effect to control for nesting of patients within the hospitals. The interactions between safety-net burden and hospital volume, race/ ethnicity, and hospital region were found to be not statistically significant in the initial mixed regression model and were later removed using a backwards selection approach. Odds ratios (ORs) with 95% confidence intervals (CIs) are reported. All the statistical tests were two tailed, and significance was set at a P value of .05. SAS 9.4 software (SAS Institute, Cary, NC) was used for all the analyses. The crude incidences of postoperative complications, in-hospital mortality, and FTR in the whole cohort were 32.7%, 3.2%, and 8.6%, respectively. FTR rate value is larger than mortality rate value because the denominator for calculation of FTR is smaller as it includes only patients who had major complications (n ¼ 15,452). Between 2001 and 2011, the proportion of patients with postoperative complications increased significantly from 27.4% to 42.4% (P for trend < .0001). The proportion of patients who died in the hospital and who had FTR decreased from 3.6% to 2.9% (P ¼ .038) and from 10.9% to 6.1% (P < .0001), respectively. Table III describes the baseline characteristics of the study cohort and univariate analyses of rates of complications, in-hospital mortality, and FTR stratified by patient and hospital characteristics. An inverse relationship between hospital volume of open aortic repairs and rates of complications, mortality, and FTR was observed. With each increase in quartile of hospital volume, there was a decrease in the rate of FTR. In contrast, increasing quartiles of safety-net burden were associated with an increase in the rates of complications, mortality, and FTR. Other variables that were associated with a higher rate of FTR on univariate analysis included increasing age, female gender, increasing Charlson Comorbidity Index, and Hispanic ethnicity. Of note, patients in the highest quartile of safety-net burden had significantly higher Charlson scores compared with patients in the lowest quartile (P ¼ .043, Kruskal-Wallis test). Private insurance (compared with Medicare and Medicaid) was protective from FTR. Similarly, hospitals located in the Midwest had lower rates of FTR. Median household income for the patient's ZIP code, hospital urban/rural location, teaching status of the hospital, and hospital resources, as defined in Methods, were not associated with FTR.
RESULTS

Analysis
Table IV displays incidences of the specific complications defined in the study and the mortality rates for each complication, which defines the rate of FTR. Respiratory failure and hemorrhage were the most frequent postoperative complications (14.9% and 13.4%, respectively). However, acute myocardial infarction and acute renal failure were the complications associated with highest rates of FTR (21.5% and 18.5%, respectively).
The hierarchical multivariate mixed regression analyses (Table V) revealed that after adjusting for patient characteristics, year of procedure, and hospital characteristics, increasing safety-net burden was significantly associated with increased likelihood of FTR. Compared with patients treated at hospitals in the lowest quartile, patients treated at hospitals in the highest quartile of safety-net burden had about 60% higher odds of mortality after postoperative complications (OR, 1.59; 95% CI, 1.32-1.91; P < .0001). Hospital volume was, in contrast, not significantly associated with FTR in the adjusted model (P ¼ .897). Among the other hospital characteristics, only bed size of the hospital was associated with FTR. Patients treated at the smallest hospitals had 37% higher likelihood of dying in the hospital after a postoperative complication compared with patients treated at the largest hospitals (OR, 1.37; 95% CI, 1.10-1.72; P ¼ .019). Among patient characteristics, female gender, increasing age, and increasing comorbidity score were significantly associated with increased odds of FTR (P < .0001 for all). In addition, compared with patients with private health care insurance, patients insured by Medicare or Medicaid had an increased likelihood of FTR. A diagnosis of coagulopathy significantly increased the odds of FTR. In contrast, a diagnosis of hypertension or obesity was associated with decreased odds of FTR.
DISCUSSION
FTR is a recognized contributor to interhospital variability in mortality rates for high-risk operations. Prior studies found that two hospital-level variables are associated with FTR rates for multiple operations: hospital volume and the safety-net burden of the hospital. [4] [5] [6] [7] [8] In those studies, higher hospital volume was associated with a decrease in FTR rates, whereas increasing safetynet burden was associated with a higher risk of FTR. We found that hospital safety-net burden remained a significant predictor of FTR after open aortic surgery, whereas hospital volume was no longer an independent predictor of FTR after adjusting for patient-and hospital-level variables. The relationship between safetynet burden and FTR, coupled with the finding that private insurance was protective from FTR, strongly suggests that there are characteristics of the uninsured or Medicaid populations or of the hospitals that treat these patients that predispose to FTR.
Patient-level variables associated with higher FTR rates in this study were increasing age, female gender, and Charlson Comorbidity Index. Hypertension, in contrast, was associated with a lower likelihood of FTR. Age and female gender were previously found to be associated with FTR, 7, 17, 18 but the association with Charlson Comorbidity Index and hypertension is a new finding. Both of these variables reflect the burden of the patient's comorbidities, which has an impact on the mortality rate associated with operative complications. An important question is whether the relationship between safety-net burden and FTR is actually a surrogate for populations of more disadvantaged patients at these hospitals. Clinicians who practice at safety-net hospitals recognize that the population of patients treated at these hospitals poses unique clinical challenges. Comorbid conditions are often undiagnosed, inadequately treated, or clinically advanced at presentation because of issues with access to care and compliance. This hypothesis is supported by a recent publication by Hoehn et al, 10 who reported that patients at high safety-net burden hospitals had a higher severity of illnesses and more emergent operations compared with patients at low safety-net burden hospitals. Administrative databases provide the number and type of comorbidities but do not reflect the severity of comorbid conditions that commonly afflict patients who receive care at safety-net hospitals. Thus, the current analysis could not fully account for differences in populations of patients between safety-net and other hospitals that may account for differences in FTR. Hospital-level variables associated with higher FTR rates in this study were safety-net burden and hospital bed size. As noted previously, the impact of safety-net burden on FTR may be multifactorial. To determine if the availability of hospital resources and technology is a contributor to FTR, our analysis accounted for the presence of advanced cardiology expertise (performance of electrophysiology or interventional cardiology procedures), sophisticated internal medicine services (performance of bone marrow transplantation), high hospital technology (performance of solid organ transplantation and cardiac surgery), and advanced endoscopy (endoscopic retrograde cholangiopancreatography and ablation of Barrett esophagus). None of these variables were associated with FTR, suggesting that lack of resources is not the explanation for the higher risk of FTR at safety-net hospitals. There could be hospital personnel or resource issues that may not be identified using the NIS database. The observation that increasing safety-net burden was associated with an increasing rate of FTR after open aortic surgery has significant health care policy implications. FTR is an AHRQ Patient Safety Indicator (https:// www.qualityindicators.ahrq.gov/downloads/modules/psi/ v31/psi_guide_v31.pdf).
3 However, safety-net burden is not considered in the risk adjustment for this indicator. Without adjusting for safety-net burden, calculations of FTR rates may be biased against hospitals that treat a disproportionate number of uninsured or Medicaid patients. The net effect could be erroneous conclusions about the performance of these hospitals on this key Patient Safety Indicator. The observation that hospital volume was not a predictor of FTR in this study contradicts prior studies. 5, 6, 18 This result may be related to the covariates included in the multivariate mixed regression models in this study. In contrast to prior studies, we also included safety-net burden as a covariate with hospital volume. By including this variable in the analysis, hospital volume was rendered nonsignificant on multivariate analysis. Thus, it appears that safety-net burden is a more important variable in determining the risk of FTR after open aortic surgery. The findings of this study are intriguing, but there are limitations to the study that must be acknowledged. First, it is not known whether our findings may be extrapolated to other high-risk operations. Prior studies demonstrated congruence of the variables that affect FTR across operations, but further studies will be required to validate our findings for other high-risk operations. The NIS database is one of the largest databases available in the United States, but it is an imperfect database with recognized limitations. The NIS database contains no anatomic information or data on the severity of risk factors, limiting the risk adjustment that can be included in any analysis. In addition, the mortality end point included in the NIS database is in-hospital mortality rather than 30-day mortality, which could underestimate the true mortality rate associated with any operation. It is possible that the significant increase in complication rates observed over time may be explained by improvement in coding due to reimbursement incentives in most recent years. Considering the concomitant modest decreased mortality rate over time, it is plausible that our study finding of a significant trend toward decreasing FTR rates may be inaccurate. Finally, there are inherent limitations to repurposing of an administrative database for research. Administrative databases may be subject to coding errors and undercoding of comorbid conditions, which may have an impact on any analysis. 19, 20 However, large administrative databases, such as the NIS and Medicare databases, are among the few databases with a sufficient volume of data to allow the types of analyses included in this study.
CONCLUSIONS
This study found that after adjusting for a variety of patient-and hospital-level variables, safety-net burden was an independent predictor of FTR after open aortic surgery, whereas hospital volume was not a predictor of FTR after adjusting for hospital safety-net burden. We were unable to identify differences in hospital resources or technology to explain the higher rates of FTR at safety-net hospitals. Future investigations should be aimed at better understanding of the relationship between safety-net hospital burden and FTR. This type of analysis is key to identifying opportunities for interventions aimed at improving patient safety and outcomes across the nation. 
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